Abstract Adhesive taping has been commonly used to improve the performance through supporting joint structure and reducing pain. Restoring knee alignment in diplegic children is critical in an effective treatment program. The purpose of this article is to investigate whether adhesive taping is effective in controlling genu recurvatum in diplegic cerebral palsy children. Fourteen children with diplegic cerebral palsy (8 boys and 6 girls with a mean age of 6.22 years), participated in a 12-week program. Children were assigned randomly to one of two groups: therapeutic taping + physical therapy or knee cage + physical therapy. Therapeutic taping was applied for periods of up to 60 h over knee. The effects were assessed with the Gross Motor Function Measure (GMFM-88), Auto CAD, Screen protractor at baseline and 12 weeks after treatment. The primary outcome measure was knee angulations, using Auto CAD and screen protractor software. The Gross Motor Function Measure-88 (GMFM-88) standing and walking subsections were the secondary outcome measures. No significant differences were found between groups over time. Adhesive taping does not evoke a positive change in controlling genu recurvatum in children with diplegic cerebral palsy.
Introduction
Genu recurvatum is a deformity in the tibiofemoral joint in which the range of motion occurs beyond neutral or 0°of extension. It is a commonly acquired deformity in children with ligamentous laxity, musculoskeletal and upper motor neuron pathologies. Because genu recurvatum has the potential to become a chronic deteriorating problem, adequate management during rehabilitation is essential [1] .
Genu-recurvatum can be classified into dynamic (functional) and structural knee genu recurvatum. Dynamic knee recurvatum is defined as hyperextension of the knee during the stance period of the gait cycle and this impairment is neurological based. This disorder is typically ascribed to a combination of quadriceps weakness, ankle planter flexor spasticity, heel cord contracture, quadriceps spasticity, and/or gastrosoleus weakness, and is seen in patients with cerebral palsy. The structural genu recurvatum can be congenital due to abnormal intra-uterine posture and spontaneous recovery usually occurs, or can be acquired [2] .
Most children with spastic diplegia easily develop genu recurvatum due to excessive activity of the calf muscles in response to the increasing dorsiflexion moment about the ankle produced by the foot-floor reaction force arrested the forward motion of the tibia. Recurvatum is produced when the femur continued to move forward over the stationary tibia which produces an extension moment at the knee [3] .
In rehabilitation programs, it is a challenge to find a way to stimulate the sensorimotor system toward regaining normal voluntary movement and limb functional use. The goal of most therapy programs is to maintain the affected extremity in the best possible aligned position to avoid overstretched soft tissue, edema, and pain. Through the exercise program and use of weight-bearing techniques, the therapist attempts to maintain and improve trunk and limb alignment to allow the functional use of the extremity [4] .
Adhesive tape is the tape that has elastic properties, this property allows the tape to work with the soft tissue of the body versus restricting it, and also makes the tape a good modality for the treatment of various conditions in pediatrics such as muscle tightness, muscle weakness, lymph edema and chronic swelling [5] .
The taping provides protection and support for a joint while permitting optimal functional movement. The traction on the skin or the pressure of the tape provides cutaneous sensory cues, thus providing additional proprioceptive input to the central nervous system. The effect of tape can only partially be explained by increased mechanical stability, however, that taping may have some proprioceptive influences [6] .
Swedish knee cage; a knee orthosis with an extension stop and free knee flexion is effective in controlling knee hyperextension owing to increased extensor tone during stance. Such orthosis is of benefit for gait training purpose during the rehabilitation process [7] [8] [9] .This orthosis can control varus/valgus and rotatory instabilities that may accompany recurvatum [10] .
Subjects and methods

Participants
Volunteers were recruited using advertisements placed in local therapy clinics. A research team member screened volunteers using the following inclusion criteria : (1) medical diagnosis of cerebral palsy (CP), spastic diplegia; with a degree of spasticity of lower limb muscles ranged from grade 1 to grade 2 according to the Modified Ashworth Scale (MAS); (2) boys or girls between the ages of 5-7 years; (3) able to walk without physical assistance; (4) demonstrated recurvatum up on observational standing posture; (5) classified with a maximum of level III on the Gross Motor Function Classification System for Cerebral Palsy (GMFCS); (6) not participated in any previous trials with adhesive tape to lower limb musculature; and (7) can understand and follow the verbal commands. Children were excluded if they had (1) surgical intervention to correct lower-extremity orthopedic abnormalities; (2) any orthopedic or neurologic condition identified by the physician's referral that was contraindicative of positioning the child in a vertical standing position; (3) demonstrated allergic reactions to the adhesive tape or any other materials used in this study; (4) severe muscle contracture; (5) visual or auditory disorders.
Using the above inclusion/exclusion criteria, a total of 15 volunteers were screened, one was excluded because of the inability to make all sessions/transportation issues. Thus, 14 children were found eligible and their caregiver agreed to participate (8 boys and 6 girls).
Instruments
Auto CAD
Ò 2008 software (Autodesk Inc., San Rafael, CA, USA) analysis was carried out by a specialist engineering with 3 years of experience in using the measures. The approach selected for measuring sagittal plane limb alignment uses five bone landmarks of the femur and tibia [11] . Midstance sub phase of gait cycle was recorded from the child sagittal view. Knee angulation was measured as the angle formed by the intersection of the femoral axes and tibial axes. The femoral axis was formed by a line from the center of the greater trochanter to the mid-lateral border of the knee, while tibial axis was produced by a line from mid-lateral border of the knee to the center of lateral malleoli.
Screen protractor (Version 4)
Screen protractor allows easy and quick measurement of any angle on the screen to the nearest degree or radian (http:// www.iconico.com/protractor/). The recorded midstance subphase picture was also analyzed using screen protractor. For measuring knee angle; the fulcrum of protractor was positioned over the middle of lateral knee articulation marker, and the protractor arms were then positioned to bisect the adjacent joint markers i.e. middle of both greater trochanter and lateral malleolus.
Gross Motor Function Measure (GMFM-88)
The Gross Motor Function Measure (GMFM) is a criterionreferenced observational measure that was developed and validated to assess children with cerebral palsy [12] . The reliability of scores obtained with the 88-item GMFM was sufficiently high (intraclass correlation coefficient [ICC] 5.90). The 88 items of the GMFM are measured by observation of the child and scored on a 4-point ordinal scale (05 does not initiate, 15 initiates 10% of activity, 25 partially completes 10-100% of activity, 35 completes activity). The items are weighted equally and grouped into 5 dimensions: (1) lying and rolling (17 items), (2) sitting (20 items), (3) crawling and kneeling (14 items), (4) standing (13 items), and (5) walking, running, and jumping (24 items) [13] .
The last two dimensions were tested in this study prior to initiating intervention and immediately at the end of intervention. Scores for each dimension were expressed as percentage of the maximum score for that dimension. Scoring was carried out by a research physiotherapist trained in the use of these measures.
Testing, randomization, and interventions
Before screening, children caregiver who had accepted to participate in the study signed an informed, written consent that was obtained in accordance with the ethical standards of the Helsinki declaration of 1975, as revised in 2000. The degree of knee angulations for all children was evaluated using both Auto CAD analysis and screen protractor whereas their motor abilities were assisted using GMFM-88. By the end of pretesting session, chil-dren were randomly assigned by a sealed envelope into one of two groups: (1) the study group (n = 7; taping intervention and physical therapy program [PT]); and (2) the control group (n = 7; posterior knee cage and PT). The randomization was conducted by physiotherapist who was not involved in delivering the interventions. All children received therapy in the same environment in the same fashion and from the same therapists.
Taping group
To test the hypothesis that the combination of physical practice while wearing adhesive tape would be more effective than physical practice while wearing knee cage, spastic diplegia children were assigned randomly to 1 of 2 conditions; taping group (n = 7) and cage group (n = 7). All children received therapy in 60-min therapy sessions for 3 days a week for 12 weeks. 3NS
Ò TEX Tape was used in this research. The tape is made of 100% cotton. It is free of latex and it was applied to the backing paper with 10% available stretch. Its degree of stretch is 30-40% from the resting length with 40% being the maximal stretch of the tape; this stretch was along longitudinal axis only. The thickness and weight of tape are approximately those of skin, also the elastic property of the tape is similar to the skin as well. Therefore most patients easily tolerate the tape. It allows free movement and do not restrict movement. Taping materials were applied as follows: The degree of hyperextension that required eliciting knee discomfort was determined. The skin was prepared by applying the milk of Magnesia with 2 · 2 gauze pads over back of the knee. Knee hyperextension taping begin by placing a lift under the heel to flex the knee. The back of the knee was protected by tape then proximal and distal anchor strips were placed around the thigh and calf respectively. Elastic tape was used to apply vertical strip. Then two strips were overlapped, creating an x shape over the back of the knee. The procedures were completed by enclosing the knee in an elastic wrap [5] .
Physical therapy program
Each child of both groups participated in a physical therapy program, attending three 1-h sessions per week for 12 weeks.
The program used a combination of open-and closed-chain exercises for maximum transfer to both the stance and swing phases of gait, and these exercises were designed to restore normal flexibility and strength for the hamstring as well as quadriceps muscles including; progressive resistance exercise program using free weights or pulley system (suspension), that targeted the hamstring and quadriceps muscles bilaterally.
Post intervention test
After 12 weeks, all children were again administered knee angulation measurements and GMFM by the same examiner who pretested them.
Statistical analysis
Results are expressed as mean ± standard deviation (SD) or number (%). Comparison between different variables in the two groups was performed using Mann-Whitney U test while comparison between variables within the same group was performed using Wilcoxon test. Comparison between categorical data was performed using Chi square test. SPSS computer program (version 12 windows) was used for data analysis. P Value less or equal to 0.05 was considered significant.
Results
The children characteristics are reported in Table 1 . The two groups were compared on demographic variables and baseline scores. Due to our small number, the distributional assumptions that underlie the t test could not be satisfied. Thus, Wilcoxon tests were applied and revealed non significant differences (P = 0.805) between the groups in mean age of diplegic children. Groups also did not differ on sex nominal variable before intervention. Five out of the seven children in the taping group were boys, as did three in the cage group (P = 0.280). The comparisons of GMFCS and Modified Ashwar Score between the two groups at pretesting also did not reveal significant differences P = 0.515 and 0.069 respectively.
In children of taping group after 3 months of treatment the values become closer to the pretreatment values (Rt CAD pre- All the children in cage group showed a reduction of knee angulation measurement of both lower limbs using CAD (P = 0.017) as well as protractor (P = 0.018) Table 2 . Furthermore, with the Mann-Whitney U test, knee angulation difference of the two groups post treatment (Table 3) For the GMFM paired Wilcoxon analysis showed a statistically significant improvement in both groups at post treatment with respect to the pretreatment condition in both standing and walking dimensions (score and percentage) ( Table 4) .
With regard to between -Group Difference ( Table 5 ) the Mann-Whitney U test; revealed no differences in both groups regarding standing (taping group GMFM score: 34 ± 2.52, cage group 33.57 ± 3.21; P = 0.902) and walking scores (taping group GMFM score: 40.43 ± 10.85, cage group 39.43 ± 8.4; P = 0.902).
Discussion
This study is the first to investigate the effect of adhesive taping in controlling genu recurvatum in diplegia children. The intervention used in this study was designed to be used throughout the day and, thus, could be incorporated into many functional activities that the child encounters in everyday life.
The following discussion will review the findings, limitations and conclusions of this investigation. Genu recurvatum has been described as a chronic, perpetuating problem which tends to begin with a disorder of a small magnitude that exacerbates over time. Despite the finding that 40-68% of patients with neurological deficits, suffer from knee hyperextension, little attempt has been made to evaluate the outcome of physical therapy treatment or to compare the effectiveness of different management approaches [14] .
Choosing midstance sub phase of gait cycle to measure knee angulations agrees with Perry [15] who reported that hyperextension occurs when the knee has the mobility to angulate backward (recurvatum) occurring in any of the weight-bearing phases; as extensor thrust often is the first reaction to limb loading. So hyperextension is a later development either as a reaction to the added stimulus of single limb support or advancement of the body (and thigh) over a stationary tibia. He concluded that hyperextension can develop in either mid stance or terminal stance, and this posture, then, is continued into pre-swing.
Previous researches [16] [17] [18] [19] have demonstrated the usefulness of the GMFM-88 tool for assessing functional outcomes of intervention studies, including PT, selective dorsal root rhizotomies, and therapeutic electrical stimulation.
Unfortunately, the knee angulation measurement; using both Auto CAD and screen protractor in addition to motor outcome measurement using GMFM-88 failed to detect any significant changes post treatment between-groups difference that could be attributed to small sample size as after applying the study criteria, 15 subjects were screened for this study, with only one excluded and the remaining 14 subjects were included. Also it could be attributed to inability to quantitatively determine the degree of genu recurvatum using for example Xray before including children in the study as the authors only depend on appearance of genu recurvatum on observational standing posture for their inclusion. Thus, non significant change between groups post treatment may have been related to the lack of accurate measurement of severity of genu recurvatum of the children studied at their entry level.
In addition the 12-week taping timeframe in this study may have influenced the outcomes [20, 21] . Blair et al. [22] intervened for a 16-week period with reported functional change. The four-week time differential between the present study and the study reported by Blair et al. [22] might also have affected the long-term functional outcomes of this investigation. In other words, the children were simply unable to demonstrate a functional change in such a short period of time. This finding is consistent with Knox [23] , who studied a similar population, but for a four-week period of time.
In the current study the results revealed that the patients had achieved a significant reduction in recurvatum of the knee with the application of knee cage. This improvement could be due to the effective re-educating knee control gained through the application of knee cage. By using the appliance, the lower limb was enabled to transmit weight efficiently, which allows the patient to stand and bear weight confidently [24] .
Non significant improvement in knee angulation measurement with both; Auto CAD and protractor of the taping group could be attributed to limited ability of the tape to overcome the child musculoskeletal problems. Such musculoskeletal problems present a major constraint to normal posture and movement control in diplegia children secondary to spasticity or soft tissue abnormalities which can restrict the movement and so disturb the postural alignment. This agreed with Shumway-Cook [25] , who stated that, spastic diplegic patients are likely to have neuromuscular impairments which interfere with the development of proper posture control in addition to changes in the structure and function of the skeletal muscles particularly in the lower extremities.
Improvement in post treatment mean value of GMFM with respect to pretreatment value of the taping group could be attributed to traction on the skin or the pressure of the tape which provides cutaneous sensory cues, thus providing additional proprioceptive input to the central nervous system [6] . Significant improvement in standing and walking ability of taping group could also be due to joint protection and support provided by the tape while permitting optimal functional movement.
Conclusion
The predominance of statistical evidence presented in this study suggested that therapeutic taping was an ineffective means for addressing genu recurvatum in children with diplegia.
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